The mechanisms that regulate iron absorption l)y the gastrointestinal tract are not known. Clinical and experimental work suggests that decreased iron stores (1) (2) (3) or increased rate of erythropoiesis (2, 4) may be factors causing increased absorption of iron from the gut. The purpose of this paper is to describe the role of the hepatic iron stores as a stimulus to intestinal absorption of iron.
In the rat subjected to partial hepatectomy, the liver returns to its original presurgical weight between the seventh and fourteenth postoperative days (5) . This is due to a generalized hyperplasia of the remaining lobes rather than to the regeneration of the removed lobe or to growth of a new appendage. Thus there is a reduction in the total size and concentration of the hepatic iron stores without blood-letting or marrow hyperplasia.
Methods
Male albino rats (W.R.C.F.1 strain) weighing 250 to 300 g were used in this study. The principles of laboratory animal care as promulgated by the National Society for Medical Research were observed.
With the rat under pentobarbital sodium (Nembutal) anesthesia, a mid-line abdominal incision was made, and the left lateral and median lobes of the liver were excised (5) . The average total weight of the removed lobes was 7 g and was approximately two-thirds of the whole liver. In the sham hepatectomized rats, an abdomninal incision and manipulation of the liver were performed. The test dose for iron absorption studies was 0.5 ,Ac ferrous5' citrate per 0.25 mg ferrous sulfate per 0.5 ml distilled water, administered through an olive-tipped 17-gauge endoesophageal tube to rats fasted for 16 hours.
Whole-body radioactivity (0.8 Mev--> oo) was measured in a small-animal wholebody liquid scintillation detector 2 the percentage of the test dose absorbed by the rats. The reliability of this technique has been reported previously (6) . Statistical analyses of the paired absorption studies were performed by the t test.
Whole rat livers and spleens were homogenized. Hemosiderin and ferritin were separated (7) , and the nonheme iron content of these fractions was determined (8) . Bloodletting was performed by insertion of a heparinized capillary tube into the retro-orbital venous plexus.
Red blood cell incorporation of Fe5" was measured 18 hours after the iv administration of 1 ,uc ferrous" citrate per 0.06 gamma iron per 0.25 ml saline. The dorsal vein of the penis was used as the site of injection. At the specified time the animal was bled, and the radioactivity in 1 ml of whole blood was determined in a well-type crystal scintillation detector. 8 The whole blood volume of the rat was presumed to be 5% of the body weight (9) . The following formula was used to quantify radioactive iron incorporated into red blood cells:
Per cent red blood cell uptake 0.05 X body wt X cpm, ml whole blood total cpm injected.
Results Analyses of the liver excised from rats showed each to contain 0.6 to 0.8 mg of nonheme iron. To ascertain whether normal animals measurably increase absorption of iron from the gut after a similar loss of hemoglobin iron, 1.5 ml of blood was withdrawn from rats. This constituted a loss of approximately 0.6 mg of iron. Five days after phlebotomy, these animals absorbed more iron than a comparable nonbled group (p < 0.05) ( Table I) .
Iron absorption studies were performed in partially hepatectomized and sham-hepatectomized rats 7, 14, and 21 days after surgery. There was no difference in the quantity of iron absorbed by either group at weekly intervals after surgery (Table II) . 3 Packard Auto Gamma Spectrometer, Model 410 A.
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Since hepatectomy might interfere with the gastrointestinal response to iron loss, 2.5 ml of blood was withdrawn from a group of rats 7 days after partial hepatectomy. There was a significant (p <.05) increase in iron absorption when measured 5 days after phlebotomy (Table III) .
Bone marrow activity of hepatectomized, shamhepatectomized, and sham-hepatectomized-bled (1.5 ml) rats was measured 5 days after surgery by incorporation of Fe59 into red blood cells. Increased incorporation of iron was observed only in rats that had been bled (Table IV) , the same group with increased gastrointestinal absorption of iron. That the total body iron store is not the primary mechanism controlling absorption was determined further in iron-loaded animals subjected to phlebotomy. Rats received an im injection of dextran-iron (12.5 mg). This represented approximately twice the amount of iron contained in their red cell mass. Two weeks were allowed for equilibration with body iron stores. Five ml of blood was then withdrawn from each rat in a group of animals. Five days after phlebotomy, they were tested and found to absorb more iron from the gut than either normal or unbled, ironloaded animals (p <.05) ( Table V) .
Total liver nonheme iron was measured at periodic intervals after partial hepatectomy in one group of rats and the bloodletting of 5 ml in another. Livers obtained from normal rats were compared with the treated animals ( Figure 1) . The hepatic iron stores in control rats increased (Table VII) . Thus there was a commensurate decrease in the spleen as the liver iron content returned toward normal levels. Discussion Excision of two lobes of the liver produced a 0.6-to 0.8-mg depletion of hepatic iron stores in rats without stimulating a measurable increase in absorption from the gut. This confirms the previous observation of Venkatachalam, Brading, Kaldor, and George (12) . In addition, we have shown that removal of the same quantity of iron by bloodletting produces a significant increase in iron absorption. Partial hepatectomy did not eliminate the ability of the gut to respond to a proper signal for increased absorption of iron, since this was observed when hepatectomized animals were bled.
At the time of increased iron absorption after phlebotomy in the normal rat, the liver concentration of iron was approximately three times that of the lowest posthepatectomy level. This suggests that the size and the concentration of the hepatic iron stores were not stimuli to increased iron absorption.
In the regenerating liver the concentration of iron decreased while the organ regained normal size. During the next 3 weeks, liver iron increased but did not reach the concentration of the control animals. As possible mechanisms for the replenishment of liver iron after regeneration, we found no evidence of the following: 1) significantly increased absorption of iron from the Increased absorption of iron occurred in bled, iron-loaded rats but not in animals when the iron store was depleted without stimulus to erythropoiesis. Thus, iron turnover or the rate of erythropoiesis may be the stimulus controlling absorption, rather than the quantity of iron in the body store. Summary A direct reduction in the content of the liver iron store by partial hepatectomy did not cause a significant increase in iron absorption. An equivalent amount of iron removed by bloodletting did increase absorption. Thus, under the experimental conditions, reduction of the hepatic iron store was not so effective a stimulus to gastrointestinal absorption as was removal of red blood cells.
